CONVERSION FACTORS AND ABBREVIATIONS
The metric system of u n i t s i s used i n t h i s report. For readers who p r e f e r inch-pound u n i t s , t h e conversion factors for the terms used i n t h i s r e p o r t are l i s t e d below. -f a f f e c t e d t h e apparent concentration values obtained. These e f f e c t s were evaluated and c o r r e c t i o n techniques were developed and applied t o the anal y t i c a l values. P r e c i p i t a t e s present i n t h e samples a t t h e time of a n a l y s i s adversely a f f e c t e d t h e accuracy, precision and i n t e r p r e t a b i l i t y of t h e data.
INTRODUCTION
The Cerro P r i e t o g -x h e n n a l power production f i e l d near M e x zali. Ea. 2 C a l i f o r n i a , Mexico, u t i l i z e s hot water-steam mixtures coming from depth a t v a r i o u s temperatures as i t s energy source. from t h e steam a s completely as possible f o r t h e most e f f i c i e n t p l a n t ope r a t i o n . The r e s u l t i n g hot, corrosive brines were analyzed t o b e t t e r formulate s t r a t e g i e s f o r d i s p o s a l or r e l n j e c t i o n of t h e brines c o l l e c t e d from t h e separators.
The hot water must be separated
EXPERIMENTAL

Sample Collection and Preservation
A two-phase (water and steam) sample was drawn off t h e b r i n e e f f l u e n t &Line of the s e p a r a t o r under pressure through a coiled cond&iiser tube submerged i n an ice/water mixture. f i l t e r membrane and c o l l e c t e d i n a 250-mL polyethylene b o t t l e . c o l l e c t e d using this technique is h e r i n a f t e r r e f e r r e d t o as a %ondensed" sample.
W S . 7 E) n i t r i c acid.
The sample was passed thr0ugh.a 0.43-pm A sample
The sample was a c i d i f i e d by a d d i t i o n of 5 mL of concentrated
A s u b s e t of samples w a s c o l l e c t e d by allowing t h e pressurized b r i n e t o f l a s h through the b r i n e sampling valve of t h e s e p a r a t o r i n t o a 1-L container, where a significant amount of steam was allowed t o escape.
subsequently r e f e r r e d t o as "flashed" samples. accomplished mainly by evaporation.
t h e 1-L container was t r a n s f e r r e d t o a 250-mL bottle, u n f i l t e r e d , but a c i d i f i e d as above.
These are I n t h i s case, coolLng w a s An a l i q u o t of t h e water remaining in
Analysis
The samples were analyzed using a Spectraspan I11 d o c . argon plasma emission spectrometer havfng a S p e c t r a j e t I11 torch (Spectrametrics, I n c , Andover, Mass.). elements was prepared by making 1 N HN03 d i l u t i o n s of t h e respective m u l t ielement standard s o l u t i o n containing 1 7 elements i n 1 N HNO The 1 N HN03
was used as a blank and was prepared by d i l u t i n g U l t r a HN03 (J. T. Bzker, Pbillipsburg, H. 3.) with deionized d i s t i l l e d water. The multielement solut i o n w a s composed of alkali and alkaline e a r t h s a l t s of p u r i t y 99.99 percent or b e t t e r and o t h e r metal salts, acids, and commercially-prepared s o l u t i o n s of p u r i t y 99.999 percent or b e t t e r . The readout and photomultiplier modules were optimized, according t o t h e manufacturer's i n s t r u c t i o n s , with r e s p e c t ta v o l t a g e and gai? compatibility t o achieve t h e b e s t combination of s e n s i t i v i t y and s t a b i l i t y .
Standard and sample s o l u t i o n s were analyzed as though a l l were samples, with standards interspersed among samples. t h e undiluted standard, d i l u t i o n s containing 1/2, 114, and 1/10 of t h e conc e n t r a t i o n of each element in t h e o r i g i n a l standard were analyzed f o r construction of standard curves.
I n addition t o t h e blank and
A lithium (LA), o r 'sodium (Na) s o l u t i o n was mixed a t approximately a 1:11 r a t i o with t h e sample u s t p r i o r t o nebulization such t h a t an e f f e c t i v e concentration of 2270 mg L o t h e r s , 1978, p. 68). The L i o r Na increases thermal contact between t h e plasma and t h e measuring zone, located d i r e c t l y below t h e plasma (Johnson and o t h e r s , 1979, p. 2 0 4 ) . When determining L i , Na was used as a thermal b u f f e r .
-1 of L i w a s realized in t h e sample (Ball and Two groups of elements were determined using interchangeable cassettes. Cassette 1 contained slits designed t o pass t o t h e photomultiplier tubes t h e emission lines of t h e following elements: Sr, T i , Ca, Fe, Ba, K, Na, Rb, and Al. The elements determined using cassette 2 were: T1, Lf, and Pb. Ag channel (cassette 1) and t h e Sn channel (cassette 2) w e r e n o t used because a s t a b l e rrmltielement s o l u t i o n d i d n o t r e s u l t from a mixture containIng t h e s e elements. Neither t h e background nor t h e f n t e r n a l standard channels (channels 3 and 6, respectively, on cassette 1, and channels 17 and 1, respectively, on cassette 2) were used with e i t h e r cassette. found by p r i o r experiment t o make inaccurate concentration adjustments f o r some elements.
is t h e case when using t h e newer Model IIIA o r IIIB microprocessors. 
They were
Elements t o be adjusted could not be selected indgvidually, as The emission d a t a were collected on a f l e x i b l e d i s k s t o r a g e device and simultaneously displayed on a typewriter terminal. Each sample and approximately 1/10, 1/100, and US00 gravimetric d i l u t i o n s of i t were analyzed in order t o bring a l l c o n s t i t u e n t s within t h e measuring range of t h e instxum a t . The machine-readable d a t a were subsequently converted t o concentrat i o n values, which were s t o r e d on a second f l e x i b l e d i s k storage medium. When d a t a f o r a l l elements were available, sample concentrations were corr e c t e d for Interelement s p e c t r a l e f f e c t s , which are due t o t h e presence of concomitant major elements and are observed when measuring concentrations of minor elements. t r a t i o n data f o r a r e p r e s e n t a t i v e concentration range of suspected i n t e rferent $n the absence of a n a l y t e a t t h e appropriate wavelengths. r e s u l t i n g apparent a n a l y t e concentration values were f i t t e d t o a series of various types o f l i n e a r and exponential simple regression equations, and t h e s e l e c t e d f i t parameters were recorded. The concentration of t h e concomitant element in a n unknown sample was combined with t h e f i t parameters t o y i e l d a aumecical v a l u e f o r i t s i n t e r f e r e n c e which w a s subtracted from t h e apparent concentration of t h e analyte. The r e s u l t i n g d -a a were stored in a master data set, from which tabular data were produced ( t a b l e s 2 and 3).
This correction required c o l l e c t i o n of apparent concenThe 
RESULTS
.. -Accuracy of a n a l y s i s is v a r i a b l e between elements. The f i v e elements, B, Ca, Mg, Ba, and Sr have been investigated in d e t a i l and generally give p r e c i s e and a c c u r a t e r e s u l t s .
e i t h e r t h e plasma or t h e g r a t i n g g r e a t l y a f f e c t t h e precision of t h e analy86s.
are i n d i c a t i v e of t y p i c a l changes in t h e r e l a t i v e i n t e n s i t y seen over s h o r t time periods during a run in whfch t h e instrument has been c a r e f u l l y standardized and optimized. Generally, these values are acceptable f o r most elements; however, note t h e difference for Rb (+7.8 percent) on cassette 1 and Cd (4-6.6 percent) on cassette 2, t h e latter only 10 minutes a f t e r standardization. E f f e c t s such as these are reduced considerably by interspersing t h e samples and standards, which provide a means of timeaveraging t h e s e n s i t i v i t y changes. S e n s i t i v i t y is known t o change as a function of Concentration a s w e l l . For example, self-absofption of l a emission causes a reduction i n s e n s i t i v i t y a t t h e 20 mg L-upper measuring l i m i t . U s e of t h e second-order, multipoint standardization, which is p a r t of t h e d a t a reduction technique, permits closer c a l i b r a t i o n Over t h e Changes in s e n s i t i v i t y due t o movement of Table 4 illustrates t h e magnitude of t h i s effect. The values shown e n t i r e a n a l y t i c a l range.
-A f u r t h e r problem is t h e possible change in s o l u t i o n chemistry between t h e time of sampling and t h e tkne of analysis. sumably c o l l o i d a l silica, was observed in a l l samples a t t h e time of analysis. Therefore, values l i s t e d in Tables 2 and 3 may not be r e p r e s e n t a t i v e of t r u e concentrations a t t h e time of sampling t o t h e extent that precipit a t i o n or c o p r e c i p i t a t i o n removed a f r a c t i o n of t h e elements from s o l u t i o n by t h e time of analysis.
A white p r e c i p i t a t e , preThree elements, Fe, Cu, and Zn are analyzable using e i t h e r cassette. I r o n values are seen t o vary by as much as 230 percent of a mean of t h e two values, while Zn values are even more divergent b u t vary more systematicall y , being generally much lower when u s i n g cassette 2 than cassette 1.
Cu values are below detection. primarily to the presence of the precipitate. i n t o t h e sample spray may a l t e r t h e plasma conditions, t u a l l y contain coprecipitated Fe, i t may cause a "shot" s i g n a l elevation as it is excited by t h e plasma (Vivit and Jenne, w r i t t e n commun., 1978). secondary source of t h e v a r i a b i l i t y In Fe values may be s t r a y l i g h t i n t h e d e t e c t o r portion of t h e o p t i c a l system. are passed by cassette 1, t h e apparent Fe values would be elevated by t h i s phenomenon. would be reversed because of t h e very low Zn l e v e l s i n t h e samples. "shot" signal elevation is then a secondary f a c t o r , and s t r a y light passing through cassette 1 would be expected t o become t h e primary f a c t o r . rection technique does account f o r s t r a y l i g h t , but accuracy and precision of t h e correction are presently unknown. The technique f o r t h e correction of interelement i n t e r f e r e n c e s has been used t o c o r r e c t for t h e e f f e c t s of C a , S i , K, and Na on t h e apparent concentrations of 8 , Mn, Cu, Zn, Zr, Sr, T i , Fe, Rb, Al, As, Bi, Sb, Hg, Mo, C r , T1, L i , and Pb. concentration limits (600, 600, 2000, and 8000 mg L observed on t h e apparent concentrations of Be, Mg, Ba, Se, Cd, V , Ni, o r Co.
The e f f e c t of Ca is t h e most serious, followed by t h e e f f e c t of Si, f o r t h e a n a l y s i s of geothermal wfter. AI., T i , L i , and Pb are elements upon which Ca, present a t 400 mg L-, i n t e r f e r e s due t o s t r a y l i g h t e f f e c t s (Johnson, G. W., et al., 1979). .The e f f e c t of C a on t h e apparent confentration of A1 or Pb is measurable a t C a concentrations a s l o~~a s 10 mg L-.
can be a s high as 1 ug L-l A 1 o r Pb per 1 mg L Ca. I n l c o n t r a s t , K and Na, occurring a t concentrations of about 1600 and 6000 mg L-, o r 4 and 15 times that of Ca, respectively, have comparatively minor i n t e r f e r e n c e e f f e c t s .
No e f f e c t s of Ca, S i , K, oflNa at t h e i r upper , respectively) were
The e f f e c t
